Introduction
The control of raised blood pressure (BP) is vital for the reduction of the burden of cardiovascular disease (CVD) in adulthood. It is estimated that between one-third and one-half of CVD mortality could be prevented by a sustained 10 mm Hg decrease in BP. 1, 2 As behavioural changes can influence blood pressure, the identification of populations at risk of hypertension and the implementation of preventative measures ought to be of paramount public health importance.
The phenomenon of BP tracking through the life course, defined as stability over time of the relative deviation from the population mean of an individual's BP, has been repeatedly demonstrated. 3, 4 Probability estimates for individuals of tracking within the highest tertile of the BP distribution may be as high as 55% from adolescence to adulthood. 3 There is also evidence for an effect of fetal environment on BP and CVD in adulthood. [5] [6] [7] Despite these observations, the use of BP measurement during the adolescent period as a means of identifying those who are at high risk of hypertension in later life has not attracted much research interest.
Certain determinants of adolescent BP have previously been investigated by a number of workers. A study of 900 young adults 8 demonstrated positive correlations between BP and both weight and height at age 18 , but failed to demonstrate the previously described 5 inverse relationship between birthweight and BP. A follow-up of 134 infants until adulthood 7 found that systolic BP (SBP) but not diastolic BP (DBP) was dependant on body mass index (BMI) at age 17. As well as being limited by a small sample size, these observations are likely to be confounded by behavioural factors such as alcohol intake, smoking and exercise. In a self-selected group of 227 adolescents attending residential schools, 9 no relationship was found between BP and reported consumption of any specific food group, although there was a significant positive relationship between adolescent BMI and BP. The authors found higher BPs in Seventh Day Adventist (SDA) children as compared to other children, and the effect of BMI on BP was greater in non-SDA children. These results indicate that other behavioural, rather than dietary, factors may account for observed differences in BP. Follow-up of the Dormont High School Cohort 10 revealed associations between adult body size and BP. Furthermore, adult BP was more strongly asso-ciated with adult BMI in women than in men, but more dependant on adolescent BP in men than in women. The authors suggest that a window of critical exposure may exist early in life, during which time the trajectory for future BP may be affected, and that this window occurs in young adulthood in men and later in life in women.
Elucidating determinants of BP in early life will allow the identification of adults who are at risk of developing hypertension in the future, and thus provide a target for either behavioural or pharmacological intervention to minimise adult disease. The current analysis aims to identify determinants of blood pressure in a cohort of young adults.
Materials and methods
This study is based on students attending the University of Glasgow between 1948 and 1968, all of whom were invited to attend an annual health check at the university health service. The current study is based on first attendance only. Full details of the cohort are presented elsewhere.
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In addition to a physical examination, data were also obtained from a physician-completed questionnaire, a blood sample was taken to measure haemoglobin (Hb) and a urine sample was collected for biochemical analysis. The variables of interest in the current analysis measured for each student are: height; weight; age at menarche (years); birth order; number of siblings; cigarette smoking (none, less than 10, 10 to 20 or over 20 per day); alcohol consumption (none, occasional or regular); outdoor exercise (sufficient or insufficient); social class (determined from father's occupation); pulse rate; blood pressure; haemoglobin (g/dl); albuminuria; glycosuria. Age at menarche, birth order and number of siblings were self reported measures. Haemoglobin was measured using the Sahli method (acidhematin test) from October 1948 to November 1954. From December 1954 onwards the Haldane method was used.
Data management and statistical methods
Height and weight were converted to metric measures. BMI was calculated from weight (kg) divided by height squared (m 2 ). Subjects aged over 30 years at examination, or with unknown year of birth, were excluded from analyses. Those with implausible BP measurements (where recorded SBP was less than DBP) or with missing BP measures (SBP or DBP or both) were also excluded.
All analyses were performed using Stata. 12 Since two methods were used to measure Hb, a dummy variable for the type of test was included in all multivariate analyses to account for differences in measurements. Examination years were divided into 5-year bands, (1948-1952, 1953-1957, 1958-1962 and 1963-1968 ) and a dummy variable for the band in which the examination was performed was included in all multivariate models to account for temporal changes in explanatory and outcome variables.
Crude and age-adjusted mean BPs were calculated 
Results
The cohort represents almost 50% of the student population for the years 1948-1968, and comprises 15 322 members, of which 11 755 (76.7%) were male. Having excluded subjects over the age of 30 (n = 546), those with unknown year of birth (n = 2) and those with missing (n = 107) or implausible (n = 2) BP measurements, 11 185 males and 3480 females remained. These subjects had mean ages of 20. Table 1 shows the mean SBPs and DBPs for the cohort members. Males have a significantly higher mean SBP than females (difference = 6.9 mm Hg, P Ͻ 0.001) but no material difference is seen in mean DBP. There is no association between age and SBP in males; SBP appears to be slightly lower in older women, an effect which is small but statistically significant. DBP is higher in older age groups: in males the effect appears to be linear, whereas in females there is little variation in subjects under the age of 20, but DBP is higher in those subjects aged between 20 and 30 years than in younger women. Tables 2 and 3 show the age-adjusted mean SBP and DBP in categories of each explanatory variable for males and females respectively.
Univariate and bivariate analyses

Anthropometric variables:
Height is positively related to SBP in men and DBP in women, although the differences in DBP across height quintiles in men are small. Weight and BMI both show positive associations with SBP in males, and with SBP and DBP in females.
Behavioural variables:
Smoking is negatively associated with male BP. In females the association between smoking and BP is U-shaped, higher BPs are seen in non-and heavy smokers as compared to moderate smokers. Regular alcohol consumption appears to be associated with lower SBP and DBP in males and SBP in females: the association with female DBP is in the opposite direction. Level of outdoor exercise deemed insufficient by the examining physician is associated with higher BP in women; a small difference in mean DBP between sufficient and insufficient exercisers is seen in men.
Biological factors: Hb level is positively associated with BP in males and females, although no effect is seen in male DBP. A positive relationship is seen between pulse rate and BP. The presence of albuminuria is associated with higher BP in men but not women. Neither glycosuria nor age at menarche are related to BP.
Social factors:
Higher SBP is seen in young men with no siblings, as compared to those with siblings. No effect is seen in male DBP or female BP. Later birth order is associated with higher SBP but not DBP. Little evidence exists for differences in BP across categories of socio-economic position.
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Multivariate modelling
A priori decisions for the retention of explanatory variables in the multivariate model were a univariate P value of less than 0.05, and at least a 1 mm Hg change in BP from the top to the bottom category of the explanatory variable. Modelling within types of factors (anthropometric, behavioural, biological and social) revealed associations between certain explanatory variables. A correlation matrix for each explanatory variable is shown in Table 4 . Table 5 shows the variables included in the final model for each of the four outcomes (male and female SBP and DBP). The size of the effect is given by the regression coefficient, which is adjusted for all other variables. The precision of the effect is estimated from the size of the confidence interval. The reasons for the inclusion/exclusion of each variable is detailed in the following paragraph.
BMI and weight are both positively associated with BP, but because of their high correlation (r = 0.80 in males, r = 0.83 in females), only BMI was retained in multivariate models. The effect of height Table 4 Correlation coefficients between explanatory variables in men (P р 0.05 for r у 0.02 or р −0.02) and women (P р 0.05 for r у 0.04 or р −0.04) Journal of Human Hypertension on BP was independent of the effect of BMI. Adjusting for secular trends attenuated the relationship between alcohol and BP. The correlation between alcohol intake and cigarette smoking is higher in females than males; having controlled for alcohol intake and temporal changes male SBP was no longer associated with cigarette smoking. Pulse rate was slightly higher in men undertaking sufficient exercise; the association in women showed the reverse direction, although the results were of borderline statistical significance. Both pulse rate and exercise level were independently associated with female BP; although lower pulse rate was associated with lower BP in males, exercise appeared to have no effect on male BP. Having adjusted for the type of test used to measure Hb, the relationship between Hb and BP was significant only in females.
Discussion
The results of this study demonstrate age and sex differences in BP in a cohort of young adults, and a number of factors which are associated with raised BP in this cohort have been identified. Although many of the results are statistically significant due to the large size of the cohort, emphasis must be placed on the clinical significance of factors associated with higher BP. Diastolic but not systolic BP is markedly higher among older students. Gender differences are marked for SBP not DBP. Similar results have been described in a group of students from Queen's University, Belfast 13 : these authors found that male students had a consistently higher SBP than females, but no difference was seen in DBP. No explanation for this finding is apparent.
Important variables associated with the BP of the young men in our cohort include height, BMI, smoking, alcohol, pulse rate, and albuminuria. In women, the factors associated with BP are height, BMI, alcohol, smoking, exercise, Hb concentration, pulse rate and number of siblings. Between 8% and 22% of the variation of BP in this cohort was explained by the differences in the above factors.
This study confirmed previous observations that higher BMI in adolescence is associated with raised BP. 7, 14 Our results indicate that BMI is more strongly associated with SBP than DBP, and the effect of BMI on BP appears to be of greater magnitude in females than males.
Height has little relation to BP in this cohort. Having controlled for BMI, DBP in females and SBP in males remain positively associated with height, but the magnitude of the association is small. Paffenbarger has demonstrated that height in young adults is inversely related to fatal and non-fatal stroke in later life. 15, 16 Given our results, it appears that the effect of height on future stroke is not mediated through BP. Rather, the effect of height on stroke may be due to the association between final height and childhood deprivation, a suggestion supported by the observation that childhood deprivation is associated with stroke independently of an effect of adult socioeconomic position. 17 Regular alcohol consumption was associated with a moderately lower BPs in males, an effect that was strengthened by adjusting for age. These results are inconsistent with previous research, which indicates a positive linear or J-shaped relationship between alcohol intake and BP. 18, 19 Although the observed higher morbidity in later life of teetotallers may be due to a protective effect of alcohol on high BP, an alternative possibility is that it may be due to abstinence in previous alcohol abusers or as a result of behaviour change following diagnosis of disease. 20 In this study alcohol intake was recorded prior to the onset of adult disease and hence confounding due to comorbidity is unlikely. The measurement of alcohol consumption in this study was crude, being categorised as 'none', 'occasional' or 'regular', which may partially explain the observed results. Furthermore, our results may be due to residual confounding of the BP-alcohol relationship by poorly measured factors such as exercise.
Cigarette smoking was negatively associated with BP in women and with DBP in men, an effect that was independent of BMI or alcohol intake. Since the acute haemodynamic response to cigarette smoke is an increase in BP, 21 this observation is likely to be a behavioural rather than biological effect. In a Welsh study, smoking levels were higher amongst subjects who exercised more. 22 If a similar association were present in our cohort, this would lead to residual confounding which we were unable to detect due to the crude measure of exercise in our data. Other residual confounding, either due to the crude measurement of alcohol or other unidentified factors may also have resulted in the observed effect. A recent review found a small inverse relationship between smoking and blood pressure; 23 although the deleterious effects of smoking on cardiovascular health are not disputed, these are likely to be mediated through endothelial damage, free radical action and surges in arterial pressure. One study found that smoking modified the effect of alcohol on BP, the effect of alcohol being more marked in smokers than non-smokers. 18 However, their study of this interaction did not take into account the differences in baseline BP between smokers and non-smokers, and may therefore not represent a real effect. No such effect modification was found in our data (results not shown).
It is well recognised that physical exercise has a beneficial effect on BP. 24 Although the measurement of physical activity in this study was both crude and subjective (being 'sufficient' or 'insufficient' in the physician's opinion), the female students participating in 'insufficient' outdoor exercise had higher BP that their exercising fellow students. That such a result was observed, despite the crude measurement of exercise, and resulting misclassification, indicates that the true effect of exercise on BP may be large. Physical activity is associated with low pulse rate, and the positive relationship between pulse and BP seen in the current data further support the suggestion of an association between physical activity and lower BP.
Albuminuria was associated with a marked raised BP in men, although the effect is not seen in females.
Detection of albumin in the urine may be a marker of underlying renal dysfunction. The cross-sectional results from the first examination indicate a relatively high prevalence of albuminuria, and indicate that a single raised measure of urinary albumin is associated with raised BP in males, although the design of the study limits our ability to determine whether the association is causal. That no association is seen in females may be a result of contamination of urine samples by menstrual blood. If this were the case, only a proportion of women with albuminuria would have an underlying organic condition, and the association with BP would be diluted. This may explain why an association between albuminuria and BP was not detected in our study.
Strong positive associations between Hb levels and BP are seen in females in the multivariate models. High Hb levels may reflect polycythaemia, which would increase BP due to the effect on blood viscosity and hence on peripheral resistance. Without further haematological measures, this hypothesis cannot be tested in our dataset. Analyses of the Framingham data have shown that high Hb levels (over 15 g/dl) may be associated with increased levels of coronary heart disease, congestive heart failure and stroke, the average age at stroke in those subjects with high Hb levels being 3 years younger than those with low Hb. 25 Morbidity and mortality analysis of the current dataset will allow further investigation of the effects of raised Hb levels during young adulthood.
Social class, based on father's occupation, showed no association with BP in this study. A possible reason is that those students from lower social classes attending university at this time may not be representative of lower social classes in the general population from which they came.
Odent has highlighted the importance of the investigation of birth order in studies of fetal development and later life. 26 It is likely that both intrauterine and post-natal exposures differ according to birth order, differences which may affect subsequent morbidity. In the current study, no statistically significant association was found between birth order and BP. A study of 1472 adults demonstrated lower BP in adults with siblings compared to those without, the effect being greater in men than women. 27 A continuous inverse association between number of siblings and BP in childhood has also been demonstrated. 28 Mediators of the effect of number of siblings on BP are unclear, although the possibility of a role of psychological factors has been suggested. 27 However, biological factors are also likely to be important, as suggested by the observation that birthweight is associated with future BP. 5, 7 Identification and use of markers of fetal and post-natal environment more specific than birth order and birthweight are required.
Strengths and limitations
The results from this study are very precise, as indicated by small confidence intervals, due to the large size of the study. It is unlikely that this study is
Journal of Human Hypertension flawed by information bias: any misclassification is most likely to be non-differential. The population from which this sample was drawn was highly selective, in that they were university students at a time when tertiary education was restricted. This is reflected in the high social classes from which the students were drawn, a distribution comparable with the students of other universities at this time. 29, 30 The relatively large number of older students participating in the original survey may be explained by social conditions of the time: the influences of conscription prior to the early 1950s, and older men returning from the armed forces and entering university. In terms of smoking and fitness levels, these men are dissimilar to students today, which may affect the external validity of this study (see below). Furthermore, only 50% of the students who were invited to take part in the health screening did so; these may have been the more health conscious, or possibly those students with a family history of disease. However, we have demonstrated that the cohort members and non-participants were of comparable age, sex, socio-economic position, 11 and did not differ according to their faculty of study. It is impossible to estimate whether this selection affected the results or to quantify any resulting bias.
Finally, it is important to consider whether associations seen in the subjects in this study are generalisable to the population as a whole, and specifically whether the results, which are based on data collected 30 to 50 years ago, are pertinent to young adults today. Behavioural factors such as smoking and exercise patterns are likely to have changed over this period. However, the baseline data were collected over a 20-year period, over which changes also occurred. Having controlled for a possible cohort effect, the associations evident in this study persisted. We believe that the relationships which we have demonstrated, which are in the main likely to be mediated through biological not social pathways, are likely to be manifested in a contemporary group of young adults.
Conclusions and further research
The results from the current study indicate that modifiable risk factors, such as BMI and exercise, affect the BP of young adults. The impact of these factors, coupled with the known tracking of BP
